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vi. Reproductive System

vi. Reproductive System – Human reproductive physiology and Embryonic development

Human Reproductive Physiology

Male Reproductive System

Anatomy1.
Testes (Gonads): Contained within the scrotum, producing spermatozoa (in seminiferous tubules) and
testosterone (in Leydig cells).
Ducts: Epididymis (sperm maturation, storage), vas deferens, ejaculatory ducts, urethra.
Accessory  Glands: Seminal vesicles (fructose-rich fluid), prostate (alkaline secretions), bulbourethral
glands (mucous secretions).

Spermatogenesis2.
Occurs within seminiferous tubules: Spermatogonia (diploid stem cells) → primary spermatocytes →
secondary spermatocytes → spermatids → mature spermatozoa.
Sertoli cells support and regulate germ cell development (blood–testis barrier, nourishment, phagocytosis
of residual bodies).
Takes ~64–72 days from spermatogonia to mature sperm.

Hormonal Regulation3.
Hypothalamic–Pituitary–Gonadal (HPG) Axis: GnRH from the hypothalamus stimulates LH and FSH
release from the anterior pituitary.
LH acts on Leydig cells → testosterone secretion.
FSH acts on Sertoli cells → promotes spermatogenesis, increases inhibin secretion (negative feedback on
FSH).

Testosterone Functions4.
Promotes secondary sexual characteristics (facial/body hair, muscle mass), influences libido, maintains
reproductive tract structures, modulates spermatogenesis in conjunction with FSH.

Female Reproductive System

Anatomy1.
Ovaries (Gonads): Contain follicles at various stages of development, secrete estrogen and progesterone.
Duct System: Fallopian (uterine) tubes for oocyte capture and fertilization site, uterus (endometrial lining
for implantation), cervix, and vagina.

Oogenesis2.
Prenatal: Primordial germ cells → oogonia → primary oocytes arrested in prophase I of meiosis until
puberty.
Menarche to Menopause: Each menstrual cycle, a cohort of follicles resumes development, typically one
dominant follicle completes meiosis I → secondary oocyte + polar body.
Ovulated oocyte arrested in metaphase II; completes meiosis II only upon fertilization.

Ovarian Cycle3.
Follicular Phase (days 1–14): FSH stimulates follicle growth; granulosa cells produce estrogen.
Ovulation: Mid-cycle LH surge triggers rupture of dominant follicle, releasing oocyte.
Luteal  Phase (days 15–28): Corpus luteum forms, secretes progesterone (and some estrogen). If
fertilization does not occur, corpus luteum regresses, hormone levels fall, leading to menstruation.

Menstrual Cycle4.
Menstrual Phase (shedding of endometrium if no pregnancy).
Proliferative Phase (endometrium rebuilds under estrogen influence).
Secretory  Phase (endometrium matures, under progesterone dominance, preparing for possible
implantation).

Hormonal Regulation5.
HPG Axis: GnRH pulsatility regulates LH/FSH release.
Estrogen (from developing follicles) exerts negative feedback at low levels but can switch to positive
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feedback mid-cycle, causing the LH surge → ovulation.
Progesterone (corpus luteum) stabilizes endometrium, exerts negative feedback on GnRH, LH, FSH.
Inhibin also provides negative feedback on FSH.

Fertilization and Early Development

Fertilization

Capacitation of Sperm1.
Biochemical changes in the female reproductive tract enhance sperm motility, facilitate acrosome reaction
(release of hydrolytic enzymes to penetrate zona pellucida).

Fusion of Gametes2.
Sperm binds zona pellucida (ZP3 glycoprotein), undergoes acrosomal reaction → penetrating the egg coat.
Cortical Reaction in the oocyte prevents polyspermy.
Meiotic completion (oocyte), fusion of pronuclei → zygote formation.

Pre-Implantation Development

Zygote Cleavage1.
Rapid mitotic divisions without significant growth produce blastomeres.
By day 3–4 post-fertilization, the embryo is a morula (16+ cells).

Blastocyst Formation2.
Fluid-filled cavity (blastocoel) forms, cells differentiate into inner  cell  mass  (ICM)  (embryoblast)  and
trophoblast.
Inner Cell Mass → embryo proper, Trophoblast → extraembryonic tissues (placenta).

Implantation3.
Occurs ~day 6–7 post-fertilization, typically in the uterine endometrium.
Trophoblast differentiates into cytotrophoblast  and  syncytiotrophoblast,  facilitating  invasion  into  the
endometrium, establishing early placental circulation.

Embryonic and Fetal Development

Gastrulation (Weeks 2–3)

Germ Layer Formation1.
Primitive streak appears, cells migrate to from ectoderm, mesoderm, and endoderm.
Ectoderm → epidermis, nervous system; mesoderm → muscle, connective tissues, cardiovascular system;
endoderm → gut lining, associated organs.

Morphogenetic Movements2.
Coordinated cell rearrangements shape the early embryo, laying down the basic body plan.

Organogenesis (Weeks 3–8)

Neurulation1.
Ectodermal thickening → neural plate → neural tube (precursor to CNS).
Neural crest cells bud off, giving rise to peripheral neurons, melanocytes, and other tissues.

Establishment of Major Organ Systems2.
Heart and Blood Vessels: Cardiac looping, angiogenesis, start of fetal circulation.
Limb Bud Formation: Mesodermal core covered by ectoderm, guided by signaling centers (e.g., apical
ectodermal ridge).
Pharyngeal Arches: Contribute to craniofacial structures (jaw, ear, neck components).
End of embryonic period: Most organ rudiments are formed, the embryo is highly susceptible to teratogens.

Fetal Stage (Weeks 9 to Birth)

Growth and Maturation1.
Rapid tissue proliferation, histological differentiation.
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Functional organ systems develop further (e.g., surfactant production in lungs, myelination in nervous
system).

Placenta Functions2.
Exchange of nutrients, gases, wastes between maternal and fetal blood (no direct mixing).
Produces hormones (hCG, estrogen, progesterone) supporting pregnancy.
Immune barrier reducing maternal-fetal rejection.

Parturition (Birth)3.
Initiated by complex hormonal interplay: rising fetal cortisol, placental estrogen/progesterone ratio changes,
and maternal oxytocin.
Positive Feedback loop: Oxytocin increases uterine contractions, cervical stretch → more oxytocin release.

Additional Regulatory Mechanisms and Clinical Correlations
Maternal Adaptations1.

Cardiovascular, respiratory, renal adaptations to meet increased metabolic demands.
Endocrine changes: elevated hCG (early marker), expanded thyroid function, lactogenic hormones.

Lactation2.
Postpartum Prolactin stimulates milk production; Oxytocin triggers milk ejection reflex (let-down).
Colostrum (first milk) rich in immunoglobulins (passive immunity).

Contraception3.
Methods target ovulation (hormonal contraceptives), sperm transport (barrier methods, vasectomy),
fertilization (intrauterine devices), or implantation (some IUDs, morning-after pills).

Infertility and Assisted Reproductive Technologies (ART)4.
Etiologies include hormonal imbalances, tubal obstructions, low sperm count/motility, endometriosis.
Treatments: Ovulation induction, in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), embryo
transfer.

Developmental Disorders5.
Chromosomal abnormalities (Down syndrome, Turner syndrome), congenital malformations due to
teratogens (alcohol, drugs, infections), or genetic mutations.

Concluding Remarks
Human reproduction involves a complex interplay  of  endocrine  regulation,  gametogenesis,  and  anatomical
adaptations to facilitate fertilization, embryonic development, and ultimately the birth of a new individual. From the
precise hormonal orchestration of the menstrual cycle and spermatogenesis to the intricate steps of embryogenesis
(cleavage, gastrulation, organogenesis), this finely tuned process exemplifies the unity of cell  biology,  physiology,
anatomy, and genetics.

Understanding these mechanisms is fundamental for addressing reproductive health issues, developing contraceptive
strategies, and advancing assisted reproductive technologies. Furthermore, insights into embryological development
inform fields such as teratology,  regenerative  medicine,  and  stem cell  research, where developmental pathways
and regulatory signals hold promise for therapeutic innovations and elucidating the complexities of human development.AYURVEDBHARATI.O
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